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METHOD FOR THE MIRCOMECHANICAL
MEASUREMENT OF ACCELERATION AND A
MICROMECHANICAL ACCELERATION

SENSOR
5
FIELD OF THE INVENTION
The invention relates to measurement devices used 1n the
measurement of acceleration, and more specifically, to micro- -

mechanical acceleration sensors. The invention seeks to ofter

an improved method for the micromechanical measurement
of acceleration as well as an micromechanical acceleration
sensor, which 1s suitable for use 1n small-sized microme-
chanical acceleration sensor solutions, and which 1s particu- 5

larly suited for use 1n small-sized micromechanical accelera-
tion sensor solutions measuring in relation to several axes.

BACKGROUND OF THE INVENTION

20

Measurement based on a micromechanical acceleration
sensor has proven to be 1n principle a simple and reliable
manner of measuring acceleration. In the case of a microme-
chanical acceleration sensor, measurement i1s based, for
example, in the capacitance measurement on a change of a 2>
gap between two surfaces of a electrode pair of a sensor
caused by acceleration. The capacitance between the sur-
faces, 1.e. the storage capacity of the electrical charge,
depends on the surface area of the surfaces and the distance
between the surfaces. A measurement based on a microme- 3Y
chanical acceleration sensor such as a capacitance measure-
ment can be used even with particularly small acceleration
measurement areas.

Small-si1zed micromechanical acceleration sensors are
often used in particularly critical application sites, such as, for
example, in ABS and ESP systems (ABS, Antilocking Brake
System; ESP, Electronic Stability Program) used 1n the auto-
mobile industry. For this reason, 1t 1s vitally important to
assure the proper function of the capacitative acceleration
sensors at start-up as well as 1n constant use. In demanding
application sites there 1s a desire to know all deviations
exceeding the device specifications 1n the functionality of the
acceleration sensor after factory calibration. These types of
deviations can be, among others, ofiset deviations, sensitivity
deviations or physical damages.
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Currently are known some micromechanical acceleration
sensor solutions according to known art measuring in relation
to several axes. For example, Finnish patent application pub-
lications F1 20030206 and FI1 20030207 describe capacitative
acceleration sensor solutions according to known art measur-
ing in relation to several axes.

50

In acceleration sensor solutions according to known art, a
disadvantage has been the observation of the functional reli-
ability of the sensor at start-up as well as 1n constant use. In 55
acceleration sensor solutions according to known art, a
known seli-testing arrangement can be used, in which the
acceleration sensor 1s subjected to high voltage. The high
voltage causes an electrostatic force between the measure-
ment electrode and the mass of the sensor, resulting 1n bend-
ing of the spring and shifting of the mass, which changes the

capacitance of the sensor, which can be measured using an
ASIC (ASIC, Application Specific Integrated Circuit).

Using the seli-testing arrangement described above offset
deviations or sensitivity deviations due to time or temperature 65
cannot be measured. Additionally, measurement of accelera-
tion must be interrupted during seli-testing.

2

In micromechanical acceleration sensor solutions accord-
ing to known art and their selif-testing methods, a disadvan-
tage has also been the implementation of high voltage parts in
the circuit structures used, which creates many disadvantages
in the design and realization of circuit technology related to
the acceleration sensor.

In demanding application sites of micromechanical accel-
eration sensors there 1s a clearly growing need for microme-
chanical acceleration sensors of greater functional reliability
than earlier solutions, which are suitable for use 1n reliable
measurement of acceleration particularly in small-sized
micromechanical acceleration sensor solutions measuring in
relation to several axes.

SUMMARY OF THE INVENTION

The object of the mmvention 1s an improved method for
implementing continuous seli-testing of a micromechanical
acceleration sensor as well as an improved micromechanical
acceleration sensor. Using this invention, the functional reli-
ability of a micromechanical acceleration sensor can be
monitored in constant use, and it 1s suitable for use particu-
larly 1n small-sized micromechanical acceleration sensor
solutions measuring in relation to several axes.

According to the first feature of the invention, a method 1s
provided for the measurement of acceleration using the val-
ues of acceleration on the sensor measurement area, directed
at the sensor, to the direction of three dimensions using a
micromechanical acceleration sensor, which acceleration
sensor comprises at least four units of sensor measurement
devices measuring in different measurement directions, of
which four vectors describing the measurement directions of
the sensor measurement devices no three vectors belong to
the same level such that i the method the continuous seli-
testing of the acceleration sensor during start-up and/or
operation 1s implemented such that

. — — — — .
to the accelerations a,, a,, a,, ... a  obtained as

measurement results of the sensor measurement devices
are given the multipliers k,, k. k5, . . .k, such that, when

the sensor 1s functioning perfectly, the value of the
— — — —

expressionk, a ;+k, a ,+k; a ;+...+k a  calculatesto
—
0,
— — — —

the accelerations a ,, a,, a5, ... a, an given by the
sensor measurement devices are measured at given
intervals,

— — —

the value of the expression k, a ,+k, a ,+k; a .+ ... +k

—

a _ 1s calculated,

the value of said expression 1s compared to a pre-defined
threshold value, and

—
i1 the value of said expression deviates from the value 0O

more than said pre-defined threshold value, an error
message 1s given.

Preferably, said four measurement directions of the sensor
measurement devices described by said four vectors are
selected so that the earth gravitational force has an essential
component affecting in each of the said four measurement
directions.

Preferably, the measuring directions of the sensor measure-
ment devices measuring 1n different directions are selected
symmetrically such that the accelerations obtained as mea-
surement results of the sensor measuring devices measuring
in four different directions can be presented as equations:
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—> —> —>
a =c a. +ca,
— —n —

. — —— — — .
and that to the accelerations a |, a,, a ;and a , obtained as

measurement results of the sensor measuring devices are
given the multipliers k,, k., k, and k, such that k,=k,=1 and
k,=k,=-1.

Preferably, the calculation of said vector expressions 1s
implemented using scalar values. Preferably, an error mes-

sage 1s given when m number of deviations of the value of said
—
expression from the value O more than said pre-defined

threshold value have occurred.

According to the second feature of the invention, a method
1s provided for the measurement ol acceleration using the
values of acceleration on the sensor measurement area,
directed at the sensor, to the direction of three dimensions
using a micromechanical acceleration sensor, which accel-
eration sensor comprises at least four units of sensor mea-
surement devices measuring 1n different measurement direc-
tions, of which four vectors describing the measurement
directions of the sensor measurement devices no three vectors
belong to the same level such that 1n the method the continu-
ous seli-testing of the acceleration sensor during start-up
and/or operation 1s implemented such that

to the corresponding scalar values a,, a,, a;, .
. —= — — —= .
accelerations a ,, a ,, a4,... a, obtained as measure-

ment results of the sensor measurement devices are
given the multiphiersk,, k., k5, . . .k such that, when the
sensor 1s functioning pertectly, the value of the expres-
ston k,a,+k,a,+k;as+ ... +k a calculates to O,

.. a, of the

—
the scalar values a,, a,, a,, .. . a_of the accelerations a |,
— — — .
a, as, ... a, given by the sensor measurement
devices are measured at given intervals,
the value of the expression k,a, +k,a,+k; a+ ... +k a 1s
calculated,

the value of said expression 1s compared to a pre-defined

threshold value, and

if the value of said expression deviates from the value O

more than said pre-defined threshold value, an error
message 1s given.

Preferably, said four measurement directions of the sensor
measurement devices described by said four vectors are
selected so that the earth gravitational force has an essential
component affecting in each of the said four measurement
directions.

Preferably, an error message 1s given when m number of
deviations of the value of said expression from the value O
more than said pre-defined threshold value have occurred.

According to the third feature of the invention, a method 1s
provided for the measurement of acceleration using the val-
ues of acceleration on the sensor measurement area, directed
at the sensor, to the direction of three dimensions using a
micromechanical acceleration sensor, which acceleration
sensor comprises at least four units of sensor measurement
devices measuring 1n different measurement directions, of
which four vectors describing the measurement directions of
the sensor measurement devices no three vectors belong to
the same level such that in the method the continuous seli-
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4

testing ol the acceleration sensor during start-up and/or
operation 1s implemented 1n the linear or linearized measure-
ment such that

to the signal levels s, s,, s3, . . . s, corresponding to the
scalar valuesa,, a,, a,, ...a of acceleration obtained as
measurement results of the sensor measurement devices
are given the multipliers k,, k,, k5, . . .k, such that, when
the sensor 1s functioning pertectly, the value of the sum-
mation expression

i kis; — Ko
i=1

calculates to O,
the signal levels s,, s,, s;, . . . s, given by the sensor
measurement devices are measured at given intervals,

the value of the summation expression

i kis; — kg
i=1

1s calculated,

the value of said summation expression 1s compared to a
pre-defined threshold value, and

i1 the values of said summation expressions deviate from
the value 0 more than said pre-defined threshold value,
an error message 1s given.

Preferably, said four measurement directions of the sensor
measurement devices described by said four vectors are
selected so that the earth gravitational force has an essential
component aiffecting 1n each of the said four measurement
directions.

Preferably, an error message 1s given when m number of
deviations of the value of said expression from the value 0
more than said pre-defined threshold value have occurred.

According to the forth feature of the invention, a method 1s
provided for the measurement of acceleration using the val-
ues of acceleration on the sensor measurement area, directed
at the sensor, to the direction of two dimensions using a
micromechanical acceleration sensor, which acceleration
sensor comprises at least three units of sensor measurement
devices measuring 1n different measurement directions, of
which three vectors describing the measurement directions of
the sensor measurement devices no two vectors are in the
same direction such that in the method the continuous seli-
testing ol the acceleration sensor during start-up and/or
operation 1s implemented such that

. — — — .
to the accelerations a ,, a ,,... a, obtained as measure-

ment results of the sensor measurement devices are
given the multipliers k,, k,, . . . k_such that, when the

sensor 1s functioning pertectly, the value of the expres-
) — — —
sionk, a ,+k, a .+ ...+k a  calculates to O,

. — — — .
the accelerations a ,, a,, ... a,  given by the sensor

measurement devices are measured at given 1ntervals,

. — — — .
the value of the expression k, a ;+k, a .+ ... +k_a 1s

calculated,

the value of said expression 1s compared to a pre-defined
threshold value, and
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—
if the value of said expression deviates from the value O
more than said pre-defined threshold value, an error
message 1s given.
Preferably, said three measurement directions of the sensor
measurement devices described by said three vectors are

selected so that the earth gravitational force has an essential

component affecting 1n each of the said three measurement
directions.

Preferably, the measuring directions of the sensor measure-
ment devices measuring 1n different directions are selected
symmetrically such that the accelerations obtained as mea-
surement results of the sensor measuring devices measuring
in four different directions can be presented as equations:

— —
a,=d a
— —
a-,=d a,
— —
a;=—d a,
— —
a,=—d a,,

. — — — — .
and that to the accelerations a |, a,, a ;and a , obtained as

measurement results of the sensor measurement devices are
given the multiphers k,, k,, k; and k, such that
k,=k,=k;=k,=1.

Preferably, the calculation of said vector expressions 1s

implemented using scalar values. Preferably, an error mes-

sage 1s given when m number of deviations of the value of said

—>
expression from the value O more than said pre-defined

threshold value have occurred.

According to the fifth feature of the invention, a method 1s
provided for the measurement of acceleration using the val-
ues of acceleration on the sensor measurement area, directed
at the sensor, to the direction of two dimensions using a
micromechanical acceleration sensor, which acceleration
sensor comprises at least three units of sensor measurement
devices measuring n dif

the sensor measurement devices no two vectors are in the
same direction such that in the method the continuous selt-
testing of the acceleration sensor during start-up and/or
operation 1s implemented such that

—

to the scalar values a,, a,, . . . a, of the accelerations a |,

— —
a, ... a, obtained as measurement results of the

sensor measurement devices are given the multipliers
ki, k,, ...k such that, when the sensor 1s functioning
pertectly, the value of the expression k,a, +k,a,+ . . .
+k a_calculates to O,

—

the scalar values a,, a,, . . . a_ of the accelerations a |,

— —
a,,... a,given by the sensor measurement devices are

measured at given intervals,

the value of the expression k,a,+k-a,+ . .. +k a_1s calcu-
lated,

the value of said expression 1s compared to a pre-defined
threshold value, and

if the value of said expression deviates from the value O
more than said predetermined threshold value, an error
message 1s given.

Preferably, said three measurement directions of the sensor

measurement devices described by said three vectors are

‘erent measurement directions, of
which three vectors describing the measurement directions of
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selected so that the earth gravitational force has an essential
component affecting 1n each of the said three measurement
directions.

Preferably, an error message 1s given when m number of
deviations of the value of said expression from the value 0
more than said pre-defined threshold value have occurred.

According to the sixth feature of the invention, a method 1s
provided for the measurement of acceleration using the val-
ues of acceleration on the sensor measurement area, directed
at the sensor, to the direction of two dimensions using a
micromechanical acceleration sensor, which acceleration
sensor comprises at least three units of sensor measurement
devices measuring in different measurement directions, of
which three vectors describing the measurement directions of
the sensor measurement devices no two vectors are in the
same direction such that in the method the continuous seli-
testing of the acceleration sensor during start-up and/or
operation 1s implemented in the linear or linearized measure-
ment such that

to the signal levels s, s,, . .. s, corresponding to the scalar

values a,, a,, . ..a, of acceleration obtained as measure-
ment results of the sensor measurement devices are
given the multipliers k,, k,, . . . k_such that, when the
sensor 1s functioning perfectly, the value of the summa-
tion expression

i kis; — Ko
i=1

calculates to 0,
the signal levels s,, s,, ... s, given by the sensor measuring
devices are measured at given intervals,
the value of the summation expression

i kij —f([)
i=1

1s calculated,

the value of said summation expression 1s compared to a

pre-defined threshold value, and

11 the values of said summation equations deviate from the

value 0 more than said pre-defined threshold value, an
Crror message 1s given.

Preferably, said three measurement directions of the sensor
measurement devices described by said three vectors are
selected so that the earth gravitational force has an essential
component aiffecting in each of the said three measurement
directions.

Preferably, an error message 1s given when m number of
deviations of the values of said summation expressions from
the value O more than said pre-defined threshold value have
occurred.

According to the seventh feature of the mnvention, a micro-
mechanical acceleration sensor 1s provided for the measure-
ment of acceleration using the values of acceleration on the
sensor measurement area, directed at the sensor, to the direc-
tion of three dimensions, which acceleration sensor com-
prises at least four units of sensor measurement devices mea-
suring 1n different measurement directions, of which four
vectors describing the measurement directions of the sensor
measurement devices no three vectors belong to the same
level such that the acceleration sensor comprises means for
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implementing continuous seli-testing during start-up and/or
operation, these means comprising a sensor measurement
block, a sensor seli-testing block, a sensor comparison block
and an alarm block such that
the sensor measurement block comprises means for mea-
suring accelerations directed to several different direc-
tions at given intervals using the sensor measurement

devices, and for giving the values of the accelerations
— — — — .
a,, a, a,,...a,obtamnedas measurement results to

the sensor seli-testing block,

the sensor seli-testing block comprises means for giving
—

the multipliers k,, k,, K5, . . . kK to the accelerations a ,,
— —> —> )
a.,, as, ... a, obtained as measurement results of the

sensor measurement devices such that, when the sensor

1s functioning pertectly, the value of the expression k,

— — — —
a +k, a ,+k, a ,+...+k a  calculates to O,

sensor self-testing block turther comprises means for cal-

— —
culating the value of the expression k; a ;+k, a ,+k;
— — . —
a,+...+k a tothe accelerationsa,, a,,a,,... a,

obtained as measurement results of the sensor measure-
ment devices and measured at given intervals, and
means for giving the value of said expression to the
sensor comparison block,

the sensor comparison block comprises means for compar-
— —

ing the wvalue of said expression k; a +k,a .+
kyas+...+k a  toagivenpre-defined threshold value,
and

the sensor comparison block further comprises means for

giving an error message to the alarm block, if the value

—
of said expression deviates from the value 0 more than

said pre-defined threshold value.

Preferably, said four measurement directions of the sensor
measurement devices described by said four vectors are
selected so that the earth gravitational force has an essential
component affecting in each of the said four measurement
directions.

Preferably, the measurement directions of the sensor mea-
surement devices measuring 1n different measurement direc-
tions are chosen symmetrically such that the accelerations
obtained as measurement results of the sensor measurement
devices measuring 1n four different directions can be pre-
sented as equations:

— — —
a,=ca. +ca,

— —n —
a,=c a tca,

— —n —n
a,=—Cca +c a,

— — —
a ,=—ca.,ca,,

) — — — — )
and that to the accelerations a |, a ,, a ;and a , obtained as

measurement results of the sensor measurement devices are
given the multipliers k,, k., k; and k, such that k,=k;=1 and
k,=k,=-1.

Preferably, the calculation of said vector expressions 1s

implemented using scalar values. Preferably, an error mes-

sage 1s given when m number of deviations of the value of said

—
expression from the value O more than said pre-defined

threshold value have occurred.
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8

Preferably, the sensor comparison block 1s connected to the
sensor self-testing block. Further preferably, the sensor mea-
surement block 1s connected to the sensor seli-testing block.
Further preferably, the sensor alarm block 1s connected to the
sensor comparison block.

According to the eighth feature of the invention, a micro-
mechanical acceleration sensor 1s provided for the measure-
ment of acceleration using the values of acceleration on the
sensor measurement area, directed at the sensor, to the direc-
tion of three dimensions, which acceleration sensor com-
prises at least four units of sensor measurement devices mea-
suring 1n different measurement directions, of which four
vectors describing the measurement directions of the sensor
measurement devices no three vectors belong to the same
level such that the acceleration sensor comprises means for
implementing continuous seli-testing during start-up and/or
operation, these means comprising a sensor measurement
block, a sensor seli-testing block, a sensor comparison block
and an alarm block such that

the sensor measurement block comprises means for mea-

suring accelerations directed to several different direc-
tions at given intervals using the sensor measurement

devices, and for giving scalar values a,, a,,a,,...a, of

) — — — — .
the accelerations a,, a,, a5, ... a, obtained as

measurement results to the sensor seli-testing block,
the sensor self-testing block comprises means for giving

the multiphiersk,,k,,k;, ...k tothescalarvaluesa,, a,,

. — — — —
as, . . . a, of the accelerations a,, a,, a5, ... a,

obtained as measurement results of the sensor measure-
ment devices such that, when the sensor 1s functioning
pertectly, the value of the expression k,a,+k.a,+
kia,+ ... +k a calculates to O,

the sensor seli-testing block further comprises means for

calculating the value of the expression k,a,+k,a,+

. — — — —
kia,+...+k a totheaccelerations a,, a,, a5,... a,

obtained as measurement results of the sensor measure-
ment devices and measured at given intervals, and
means for giving the value of said expression to the
sensor comparison block,

the sensor comparison block comprises means for compar-

ing the wvalue of said expression Kk,a,+k,a,+
kias+ ... +k a to a given pre-defined threshold value,
and

the sensor comparison block further comprises means for

giving an error message to the alarm block, 1t the value
of said expression deviates from the value 0 more than
said pre-defined threshold value.

Preferably, said four measurement directions of the sensor
measurement devices described by said four vectors are
selected so that the earth gravitational force has an essential
component aiffecting 1n each of the said four measurement
directions.

Preferably, an error message 1s given when m number of
deviations of the value of said expression from the value 0
more than said pre-defined threshold value have occurred.

Preferably, the sensor comparison block 1s connected to the
sensor seli-testing block. Further preferably, the sensor mea-
surement block 1s connected to the sensor seli-testing block.
Further preferably, the sensor alarm block 1s connected to the
sensor comparison block.

According to the ninth feature of the mvention, a micro-
mechanical acceleration sensor 1s provided for the measure-
ment of acceleration using the values of acceleration on the
sensor measurement area, directed at the sensor, to the direc-
tion of three dimensions, which acceleration sensor com-
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prises at least four units of sensor measurement devices mea-
suring 1n different measurement directions, of which four
vectors describing the measurement directions of the sensor
measurement devices no three vectors belong to the same
level such that the acceleration sensor comprises means for
implementing continuous seli-testing during start-up and/or
operation, these means comprising a sensor measurement
block, a sensor seli-testing block, a sensor comparison block
and an alarm block such that

the sensor measurement block comprises means for mea-
suring accelerations directed to several different direc-
tions at given intervals using the sensor measurement

devices, and for giving the signal levels s, s,, 55, ...5,
corresponding to the scalar values a,, a,, a5, . . . a, of
acceleration obtained as measurement results to the sen-
sor seli-testing block,

the sensor selif-testing block comprises means for giving
the multipliers k,, k., k,, . . . k_to the signal levels s,
S,, ...83,...8, corresponding to the scalar values a,, a,,
a), . . . a, of acceleration obtained as measurement
results of the sensor measurement devices such that,
when the sensor 1s functioning perfectly, the value of the
summation expression

i kis; — kg
i=1

calculates to O,

the sensor self-testing block further comprises means for
calculating the value of the summation expression

i kis; — Ko
i=1

to the signal levels s, s,, 55, . .. s, corresponding to the scalar
values a,, a,, a,, . . . a ol acceleration obtained as measure-
ment results of the sensor measurement devices and measured
at given 1ntervals, and means for giving the value of said
expression to the sensor comparison block,

the sensor comparison block comprises means for compar-
ing the value of said summation expression

i k,'S,_' —f({]
i=1

to a given pre-defined threshold value, and

the sensor comparison block further comprises means for
giving an error message to the alarm block, if the value
of said expression deviates from the value O more than
said pre-defined threshold value.

Preferably, said four measurement directions of the sensor
measurement devices described by said four vectors are
selected so that the earth gravitational force has an essential
component affecting 1n each of the said four measurement
directions.
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Preferably, an error message 1s given when m number of
deviations of the value of said expression from the value 0
more than said pre-defined threshold value have occurred.

Preferably, the sensor comparison block 1s connected to the
sensor seli-testing block. Further preferably, the sensor mea-
surement block 1s connected to the sensor seli-testing block.
Further preferably, the sensor alarm block 1s connected to the
sensor comparison block.

According to the tenth feature of the invention, a microme-
chanical acceleration sensor 1s provided for the measurement
of acceleration using the values of acceleration on the sensor
measurement area, directed at the sensor, to the direction of
two dimensions, which acceleration sensor comprises at least
three units of sensor measurement devices measuring in dif-
ferent measurement directions, of which three wvectors
describing the measurement directions ol the sensor measure-
ment devices no two vectors are in the same direction such
that the acceleration sensor comprises means for implement-
ing continuous self-testing during start-up and/or operation,
these means comprising a sensor measurement block, a sen-
sor self-testing block, a sensor comparison block and an
alarm block such that

the sensor measurement block comprises means for mea-
suring accelerations directed to several different direc-
tions at given intervals using the sensor measurement

devices, and for giving the values of the accelerations

— — — .
a,, a, ... a,obtaimned as measurement results to the

sensor self-testing block,

the sensor seli-testing block comprises means for giving
—=>

the multipliers k,, k., . . . . k, to the accelerations a |,

— —
a, ... a, obtammed as measurement results of the

Fi

sensor measurement devices such that, when the sensor

1s Tunctioning periectly, the value of the expression k,

— — —
a +k,a,+...+k a  calculates to 0O,

the sensor seli-testing block further comprises means for

—
calculating the wvalue of the expression k,a  +
— — .
k,a,+...+k a  to the accelerations a,, a,, . . . an,

obtained as measurement results of the sensor measure-
ment devices and measured at given intervals, and
means for giving the value of said expression to the
sensor comparison block,

the sensor comparison block comprises means for compar-

— —
ing the value of said expression k; a ;+k, a .+ . . .

+kH?H to a given pre-defined threshold value, and

the sensor comparison block further comprises means for

giving an error message to the alarm block, 11 the value

—
of said expression deviates from the value 0 more than

said pre-defined threshold value.

Preferably, said three measurement directions of the sensor
measurement devices described by said three vectors are
selected so that the earth gravitational force has an essential
component aiffecting in each of the said three measurement
directions.

Preferably, the measurement directions of the sensor mea-
surement devices measuring 1n different measurement direc-
tions are chosen symmetrically such that the accelerations
obtained as measurement results of the sensor measurement
devices measuring 1n four different directions can be pre-
sented as equations:
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a =d-a
— —
a,=d a,
— —
a,=—d a
— —=
a,=—d a,,

. — — —= — .
and that to the accelerations a |, a,, a ;and a , obtained as

measurement results of the sensor measuring devices are
given the multipliers k,, k,, k; and k, such that
k,=k,=k;=k,=1.

Preferably, the calculation of said vector expressions 1s
implemented using scalar values. Preferably, an error mes-

sage 1s given when m number of deviations of the value of said
—
expression from the value O more than said pre-defined

threshold value have occurred.

Preferably, the sensor comparison block 1s connected to the
sensor self-testing block. Further preferably, the sensor mea-
surement block 1s connected to the sensor seli-testing block.
Further preferably, the sensor alarm block 1s connected to the
sensor comparison block.

According to the eleventh feature of the invention, a micro-
mechanical acceleration sensor 1s provided for the measure-
ment of acceleration using the values of acceleration on the
sensor measurement area, directed at the sensor, to the direc-
tion of two dimensions, which acceleration sensor comprises
at least three units of sensor measurement devices measuring
in different measurement directions, of which three vectors
describing the measurement directions ol the sensor measure-
ment devices no two vectors are in the same direction such
that the acceleration sensor comprises means for implement-
ing continuous self-testing during start-up and/or operation,
these means comprising a sensor measurement block, a sen-
sor self-testing block, a sensor comparison block and an
alarm block such that

the sensor measurement block comprises means for mea-

suring accelerations directed to several different direc-
tions at given intervals using the sensor measurement

devices, and for giving the scalar values a,, a,, .. .a, of

. — — — .
the accelerations a ,, a ,,... a, obtained as measure-

ment results to the sensor seli-testing block,

the sensor seli-testing block comprises means for giving

the multipliers k,, k,, . . . k_ to the scalar values a,,
. — — — .
a,, ...a, of the accelerations a ,, a ,,... a, obtained

as measurement results of the sensor measurement
devices such that, when the sensor 1s functioning per-
tectly, the value of the expression k,a,+k-a,+ ... +k a_
calculates to 0,

the sensor self-testing block fturther comprises means for

calculating the wvalue of the expression Kk, a, +

. — — —
k,a,+ ... +k a to the accelerations a,, a,,... a,

obtained as measurement results of the sensor measure-
ment devices and measured at given intervals, and
means for giving the value of said expression to the
sensor comparison block,

the sensor comparison block comprises means for compar-
ing the value of said expression k;a,+k,a.+ ... +k a to
a given pre-defined threshold value, and

the sensor comparison block further comprises means for
giving an error message to the alarm block, if the value
of said expression deviates from the value 0 more than
said pre-defined threshold value.
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Preferably, said three measurement directions of the sensor
measurement devices described by said three vectors are
selected so that the earth gravitational force has an essential
component affecting 1n each of the said three measurement
directions.

Preferably, an error message 1s given when m number of
deviations of the value of said expression from the value 0
more than said pre-defined threshold value have occurred.

Preferably, the sensor comparison block 1s connected to the
sensor seli-testing block. Further preferably, the sensor mea-
surement block 1s connected to the sensor seli-testing block.
Further preferably, the sensor alarm block 1s connected to the
sensor comparison block.

According to the twelith feature of the invention, a micro-
mechanical acceleration sensor 1s provided for the measure-
ment of acceleration using the values of acceleration on the
sensor measurement area, directed at the sensor, to the direc-
tion of two dimensions, which acceleration sensor comprises
at least three units of sensor measurement devices measuring
in different measurement directions, of which three vectors
describing the measurement directions ol the sensor measure-
ment devices no two vectors are in the same direction such
that the acceleration sensor comprises means for implement-
ing continuous self-testing during start-up and/or operation,
these means comprising a sensor measurement block, a sen-
sor self-testing block, a sensor comparison block and an
alarm block such that

the sensor measurement block comprises means for mea-
suring accelerations directed to several different direc-
tions at given intervals using the sensor measurement
devices, and for giving the signal levels s;, s,, . . . s
corresponding to the scalar values a,, a,, . . . a, of
acceleration obtained as measurement results to the sen-
sor seli-testing block, the sensor seli-testing block com-
prises means for giving the multipliersk, k,, ...k tothe
signal levels s,, s,, . . . s, corresponding to the scalar
values a,, a,, . ..a, of acceleration obtained as measure-
ment results of the sensor measurement devices such
that, when the sensor 1s functioning perfectly, the value
of the summation expression

i kis; — Ko
i=1

calculates to O,

the sensor seli-testing block further comprises means for
calculating the value of the summation expression

i k;s; — kg
i=1

to the signal levels s, s,, . . . s, corresponding to the scalar
values a,, a,, ... a, of acceleration obtained as measurement
results of the sensor measurement devices and measured at
given intervals, and means for giving the value of said expres-
s10n to the sensor comparison block,
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the sensor comparison block comprises means for compar-
ing the value of said summation expression

H

Z kis: — kg

i=1

to a given pre-defined threshold value, and

the sensor comparison block further comprises means for
giving an error message to the alarm block, if the value
of said expression deviates from the value 0 more than
said pre-defined threshold value.

Preferably, said three measurement directions of the sensor
measurement devices described by said three vectors are

selected so that the earth-gravitational force has an essential
component aiffecting in each of the said three measurement
directions.

Preferably, an error message 1s given when m number of
deviations of the value of said expression from the value O
more than said pre-defined threshold value have occurred.

Preferably, the sensor comparison block 1s connected to the
sensor seli-testing block. Further preferably, the sensor mea-
surement block 1s connected to the sensor self-testing block.
Further preferably, the sensor alarm block 1s connected to the
sensor comparison block.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention and its preferred embodi-
ments are described in detail with reference, by way of an
example, to the accompanying FIG. 1, which shows a micro-
mechanical acceleration sensor solution according to the
invention.

DETAILED DESCRIPTION OF THE INVENTION

A micromechanical acceleration sensor solution according
to the invention 1s implemented using sensor measurement
devices measuring in several different directions. For mea-
surement of acceleration directed to three dimensions there
must be at least four units of these sensor measurement
devices measuring 1n several different directions. Addition-
ally, 1n this case, the measurement directions of the sensor
measurement devices must be selected such that of vectors
describing the measurement directions of the sensor measure-
ment devices measuring in several different directions four
vectors can be selected such that of these four vectors no three
vectors belong to the same level.

One can select said four measurement directions of the
sensor measurement devices described by said four vectors so
that the earth gravitational force has an essential component
alfecting 1n each of the said four measurement directions.
This means that none of the selected four measurement direc-
tions are perpendicular to or almost perpendicular to the earth
gravitational force. As the earth gravitational force affects 1in
each of the said four measurement directions, this increases
the micromechanical acceleration sensor’s capability to
detect errors.

In conventional Cartesian rectangular space coordinates
. : : : T o
the unit vectors 1n x-, y- and z-directions are 1, ] and k.

—
Theaccelerations a ; obtained in the selected directions of the

sensor measurement devices can be divided 1into components
. ) ) — — — — )
in X-, y- and z-directions a ;/=a + a + a ,; or alternatively
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using unit vectors 1 X-, y- and z-directions 1, 1 and k
. - >
described as a ,~a 1 +a,; ] +a,, k. As the angles between

the selected directions of measurement and x-, y- and z-di-

rections can be selected ., 3, and ¢, wherein o, describes the
— —
angle between a ;and a _,, and correspondingly, 3, describes

—= —=
the angle between a ; and a

angle between a ;and a _.. Correspondingly, a. describes the

—
scalar reading of acceleration of the acceleration vector a ; 1n

the direction of measurement.

In the method according to the invention for the measure-
ment of acceleration directed to three dimensions using a
micromechanical acceleration sensor, the accelerations
obtained as measurement results of the sensor measurement
devices measuring 1n several different directions can, when
divided mto components in xX-, y- and z-directions, be
described as equations:

Xi?

and further, ¢, describes the

vi?

— — — —
a=aycosay i +a,cosP,j+a,cosy;" k

— — — —
a 5=, COS Uy I +a5 COS Py j +a5COS Y5 K

— 7 — =
( ;=03 COS Uy* I +05COS Py j +a3c08 Yy K

— - - -
a ,=a,cos q, i +a, cos b, j +a, cosy, k

Because the measurement directions of the sensor mea-
surement devices are selected 1n advance, the values of the
constants of the equation set cos ¢.,, cos a.,, COS A5, .. .COS O,
cos [3,, cos [3,, cos P5, . . . cos 3, and cos ¥, COS ¥,
COS ¥4, . . . COS ¥, are also known already prior to measure-
ment. Additionally, for the directional cosines applies: (cos
o)’ +(cos B,)"+(cos y,)*=1.

— — —
The vector a , can also be expressed inthe form a ,=a;- u |,

—
where a, 15 the scalar value of the vector a ,, and correspond-

—
ingly, u . 1s the unit vector in the direction of measurement,

—>
that 1s stated using the directional cosines as u . =cos o,
— — —
1 +Cos B, ] +cos y- k..
— — — —
When acceleration a =a_ 1 +a, j +a, k affects the sensor,

—
the scalar value a, of the measurement result vector a , can be

calculated as a dot product of the acceleration vector a aifect-
—>
ing the sensor and the unit vector u, in the direction of

measurement:

—a —
a;= a - u ;=a, cos Q;+a, cos P;+a, cos ¥

—
Correspondingly, the measurement result vector a ; can be

calculated as a projection of the acceleration vector a atfect-
ing the sensor 1n the direction of measurement:

— — —  —
a =(a-u;)ru;=(a,cosa+a,cos p+a, cos ¥;)(cos
— —=

a1 +cos P, j +cos ¥, k).

In the method according to the mvention, the continuous

seli-testing of the acceleration sensor during start-up and/or
—
operation 1s implemented such that to the accelerations a ,

— — — .
a,, a,,...a,obtained as measurement results of the sensor

measurement devices are given the multipliers k,, k., k., . ..
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k, such that, when the sensor i1s functioning perfectly, the
) — — — —
value of the expression k, a ;+k,a . +ks;as+ ... +k a

calculates to O.

In the method according to the invention, the accelerations

— — — — .
a,, a, as ... a, gwven by the sensor measurement

devices are measured at given intervals, after which the value

. — — — —> .
of the expression k, a +k, a ,+k; a + ... +k_ a 1s calcu-

lated. The value of the expression 1s compared to said given
pre-defined threshold value, and 11 the value of said expres-

—=>
sion deviates from the value 0 more than said pre-defined

threshold value, an error message 1s given. Typically, an error

message 1s given when m number of deviations of the value of

—
said expression from the value O more than said pre-defined

threshold value |

have occurred.

In the method according to the invention, the calculation of
the vector equations and vector expressions of acceleration

can in practise be implemented using scalar values. In place of

. — —> — — .
the equation k, a ,+k, a ,+k; a ;+...+k a =0 can be writ-

ten the equation k,a,+k,a,+k, a,+ . . . +k a =0. IT into this 1s

inserted projections of the dominant acceleration vector

- =7 : :
a=a,1+a,] +a,k 1n each measurement direction, the

equation obtained 1s:

H H

ki(axcosa; + aycosf; + a;cosy;) =0

This has to be implemented using the value of any domi-

—=>
nant acceleration a, from which follows an equation set for

solving the multipliers k.

Multipliers k,; can be found, 1f the directions of measure-
ment are selected to be adequately different in direction.
Using multipliers found 1n this way, in the method according,
to the mvention, the value of the expression k,a,+k,a,+

kias+ ... +k a_ can be calculated and compared to a pre-set
threshold value.

Typically, in the linear or linearized measurement of accel-
eration, acceleration 1s measured as a linear signal value,
wherein the scalar value a, ot each acceleration can be calcu-
lated from the signal level in the following manner:

a;=b;(5,750;)-

In the method according to the invention, 1n place of the
equation based on acceleration results k,a;+k.a,+
kias+ ... +k a =0 an equation based on signal values can be
used:

k131+k232+k333+ - +kHSH_kD:0'
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I1 1into this 1s mserted the signal values

corresponding to the acceleration measurement results from

the previously solved equation as well as the scalar values a,

—
of the measurement result vector a ; of the dominant accel-
: - T2 7
eration vector a =a, 1 +a, ] +a, k 1 each measurement

direction, the equation obtained 1s:

Fl H H
k.
Z kis; —kg = Z b_I (axcosa; + a,cosfB; + acosy;) + Z kiso; — ko = 0.
i=1 i=1 ¢ i=1

This has to be implemented using the value of any domi-

—>
nant acceleration a , from which follows an equation set for

solving the multipliers k,

' K ki = 0
S COsd; = ifhix —
=1 bi i=1
n k:’ n
ECDSJBII = kjhjy =0

The constant k,, describes the offset constant of the entire
sensor arrangement, which can be used to allow consider-
ation, for example, for a calibration error of the zero point of
the sensor as well as influences on the measuring event caused
by vanations in humidity or temperature. Constants h,_,
h, and h,, describe the sensitivities of the measurement signal
s. of the sensor 1n x-, y- and z-directions.

In an alternate method according to the invention, the con-
tinuous seli-testing of the acceleration sensor during start-up
and/or operation 1s implemented 1n the linear or linearized
measurement such that when the x-, y-, and z-directional
signal measurement sensitivities h,, h, , and h,, ot the sensor
measurement devices and the offset constant k,, are known 1n
advance, to the signal levels s, s,, 55, . . . s, corresponding to
the scalar values a,, a,, a,, . . . a, obtained as measurement
results of the sensor measurement devices are given the mul-
tipliers k, k,, K5, . . . k_such that, when the sensor 1s func-
tioning periectly, the value of the summation equation

i kij — k.j
i=1

calculates to 0.

In the method according to the invention, the signal levels
S, S5, S5, . . . S, given by the sensor measurement devices are
measured at given intervals, after which the value of the
summation equation
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i kng — k.j
i=1

1s calculated. The value of the summation equation 1s com-
pared to said given pre-defined threshold value, and 11 the
value of said equation deviates from the value O more than the
pre-defined threshold value, an error message 1s given. Typi-
cally, an error message 1s given when m number of deviations
of the value of said summation expression from the value O
more than said pre-defined threshold value have occurred.

Correspondingly, 1n the measurement of acceleration
directed to two dimensions there must be at least three units of
these sensor measurement devices measuring in several dif-
terent directions. Additionally, 1n this case, the measurement
directions of the sensor measurement devices must be
selected such that of vectors describing the measurement
directions of the sensor measurement devices measuring 1n
several different directions three vectors can be selected such
that of these three vectors no two vectors are in the same
direction.

One can select said three measurement directions of the »

sensor measurement devices described by said three vectors
so that the earth gravitational force has an essential compo-
nent affecting 1n each of the said three measurement direc-
tions. This means that none of the selected three measurement
directions are perpendicular to or almost perpendicular to the
carth gravitational force. As the earth gravitational force
affects 1n each of the said three measurement directions, this

increases the micromechanical acceleration sensor’s capabil-
ity to detect errors.

In conventional Cartesian rectangular plane coordinates
— —
the unit vectors 1n x- and y-directions are 1 and . The

—
accelerations a ; obtained in the selected directions of the

sensor measurement devices can be divided 1into components
* * * e ﬁ e * * *

in X- and y-directions a = a + a ,oralternatively using unit
vectors 1n X- and y-directions 1 and j described as a ,=a_,

— —
1 +a,, ] . As the angles between the selected directions of

measurement and the x- and y-directions can be selected «,
— —
and [3,, wherein ., describes the angle between a ;and a _,

and correspondingly, {3, describes the angle between a ; and

— —

a ,,. Correspondingly, a; describes the scalar reading of
—

acceleration of the acceleration vector a , in the direction of

measurement.

In the method according to the mvention for the measure-
ment of acceleration directed to two dimensions using a
micromechanical acceleration sensor, the accelerations
obtained as measurement results of the sensor measurement
devices measuring 1n several different directions can, when
divided mto components 1n x- and y-directions, be described
as equations:
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Because the measurement directions of the sensor mea-

surement devices are selected 1n advance, the values of the
constants of the equation set cos ., cos O, COS O5, . . . COS O,
and cos [3,, cos [3,, cos P5, ... cos 3, are also known already
prior to measurement. Additionally, for directional cosines
applies: (cos a,)*+(cos f8,)°=1.

— —

—
The vector a , can also be expressed in the form a ,=a,- u ,,

—
where a, 1s the scalar value of the vector a ,, and correspond-

ingly, u, 1s the unit vector 1n the direction of measurement,

—>
that 1s stated using the directional cosines as u ,=cos o,

I
— —

1 +COos 3. 1 .
— — —

When acceleration a =a_1 +a,, ] aflects the sensor, the

—
scalar value a, of the measurement result vector a , can be

—
calculated as a dot product of the acceleration vector a

—>
alfecting the sensor and the unit vector u , in the direction of

measurement:

— —>
a;= a - u ;=a, cos Q+a, cos [3;.

—=
Correspondingly, the measurement result vector a ; can be

—
calculated as a projection of the acceleration vector a affect-

ing the sensor 1n the direction of measurement:

— > — = —>
a=(a-u)u;~a,cosa+a,cos [3;)(cos a; i +cos
—
P 7 ).

In the method according to the mvention, the continuous
seli-testing of the acceleration sensor during start-up and/or

—
operation 1s implemented such that to the accelerations a ,,

— —
a,,.... a, obtained as measurement results of the sensor

measurement devices are given the multipliers k,, k., k., . ..
k, such that, when the sensor i1s functioning pertectly, the

Fi
— — —

value of the expressionk;, a ;+k, a ,+...+k,_a calculatesto
—=>

0.

In the method according to the invention, the accelerations

— — — ) )
a,;, a,...a, ,givenbythesensormeasurement devices are

measured at given intervals, after which the value of the

. — — — .
expressionk, a ;+k, a .+ ... +k a  1s calculated. The value

of the expression 1s compared to said given pre-defined

threshold value, and i1 the value of said expression deviates

from the value F more than said pre-defined threshold value,

an error message 1s given. Typically, an error message 1s given

when m number of deviations of the value of said expression

from the value F more than said pre-defined threshold value

have occurred.

In the method according to the invention, the calculation of
the vector equations and vector expressions of acceleration

can in practise be implemented using scalar values. In place of

. — — — — .
the equationk; a ;+k, a ,+...+k_a =0 can be written the

equation k,a,+k.a,+ . . . +k a =0. If nto this i1s inserted
— —
projections of the dominant acceleration vector a =a_1 +a,

—
1 1n each measurement direction, the equation obtained 1s:
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ki(aycosa; + aycosf3;) = 0.

R

2

|
g

This has to be implemented using the value of any domi-

—
nant acceleration a , from which follows the equation set for

solving the multipliers k.

Fl
Z k;cosa; = 0
i=1

i k;cosf3;, = 0.
i=1

Multipliers k. can be found, if the directions of measure-
ment are selected to be adequately different in direction.
Using multipliers found 1n this way, in the method according,
to the mvention, the value of the expression k;a,+

k,a,+ ... +k a can be calculated and compared to a pre-set
threshold value.

Typically, 1n the linear or linearized measurement of accel-
eration, acceleration 1s measured as a linear signal value,
wherein the scalar value a, of each acceleration can be calcu-
lated from the signal level in the following manner:

a,=b;(s;—So;)

In the method according to the invention, 1n place of
the equation based on acceleration results k;a,+
k,a,+ ... +k a =0 an equation based on signal values can be
used:

k131+k252+ - e +kHSH_kG:0'

If 1nto this 1s mserted the signal values

corresponding to the acceleration measurement results from

the previously solved equation as well as the scalar values a,
—
of the measurement result vector a ; of the dominant accel-

— — —
eration vector a =a, 1 +a, ] each measurementdirection, the

equation obtained 1s:

L L

k; L
Z kis; —kg = E(axmsm +a,cosf3;) + Z kiso; —ko = 0.
i=1 i=1 i=1

This has to be implemented using the value of any domi-
—
nant acceleration a, from which follows an equation set for

solving the multipliers k.,

H kl H
b—icmscy; = Z;‘ kih, =0
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-continued

M kj H
_ =N kb =0
- bi CDSJB: ; 1y

an

kisoi = ko.
-1

The constant k, describes the offset constant of the entire
sensor arrangement, which can be used to allow consider-
ation, for example, for a calibration error of the zero point of
the sensor as well as influences on the measuring event caused
by variations in humidity or temperature. Constants h,, and h,,
describe the sensitivities of the measurement signal s, of the
sensor 1n X- and y-directions.

In an alternate method according to the invention, the con-
tinuous seli-testing of the acceleration sensor during start-up
and/or operation 1s implemented 1n the linear or linearized
measurement such that when the x- and y-directional signal
measurement sensitivities h; and h,, of the sensor measure-
ment devices and the offset constant k,, are known 1n advance,
to the signal levels s, s,, .. . s, corresponding to the scalar
values a,, a,, . . . a, obtained as measurement results of the
sensor measurement devices are given the multipliers k,,
k,, ...k such that, when the sensor 1s Tunctioning periectly,
the value of the summation equation

i kij — k.j
i=1

calculates to 0.

In the method according to the invention, the signal levels
S{, S, . . . 5 given by the sensor measurement devices are
measured at given intervals, after which the value of the
summation equation

M

Z ks — ko

i=1

1s calculated. The value of the summation equation 1s com-
pared to said given pre-defined threshold value, and 11 the
value of said equation deviates from the value 0 more than the
pre-defined threshold value, an error message 1s given. Typi-
cally, an error message 1s given when m number of deviations
ol the value of said summation expression from the value 0
more than said pre-defined threshold value have occurred.

FIG. 1 on shows a micromechanical acceleration sensor
solution according to the mnvention. A micromechanical
acceleration sensor solution according to the mvention com-
prises a sensor measurement block 1, a sensor seli-testing
block 2, a sensor comparison block 3 and an alarm block 4.

A micromechanical acceleration sensor solution according
to the mvention comprises means 1-4 for implementing con-
tinuous seli-testing during start-up and/or operation such that

first, 1n the sensor measurement block 1, the accelerations

—= —> — .
a,, a, as,,...an are obtained as measurement results of

the sensor measurement devices measuring 1n three direc-
tions. Next, 1n the sensor seli-testing block 2, the multipliers

—> —
k,, k,, k5, . .. Kk are given to the accelerations a ,, a .,
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a,, ... a, obtained as measurement results of the sensor

measurement devices such that, when the sensor 1s function-
—= —
ing pertectly, the value of the expression k, a +k, a ,+

— —
kyas+...+k a, calculates to 0.

In a micromechanical acceleration sensor solution accord-
. . . . —_— —_— —_— —_—
ing to the invention, the accelerations a,, a,, a5, ... a

given by the sensor measurement devices are measured in the

sensor measurement block 1 at given intervals, after which

. —= — —= — .
the value of the expressionk, a ;+k, a ,+k;, a ;+...+k a 1s

calculated in the sensor seli-testing block 2. Further, in the
sensor comparison block 3, the value of the expression 1s

compared to said given pre-defined threshold value, and 11 the
value of said expression deviates from the value 0 more than

said pre-defined threshold value, an error message 1s given to
the sensor alarm block 4.

In solution according to the invention, the sensor compari-
son block 3 can be connected to the sensor seli-testing block
2. Further, the sensor measurement block 1 can be connected
to the sensor seli-testing block 2. Further, the sensor alarm
block 4 can be connected to the sensor comparison block 3.

In a comparable manner, an alternative solution according
to the invention comprises means 1-4 for implementing con-
tinuous seli-testing during start-up and/or operation such that

first, 1n the sensor measurement block 1, the accelerations

— — — .
a,, a, ... a,areobtained as measurement results of the

sensor measurement devices measuring 1n different measure-

ment directions. Next, 1n the sensor seli-testing block 2, the
—_—

multipliers k,, k,, . . . k_are given to the accelerations a ,,

— —
a.,, ... a, obtained as measurement results of the sensor

measurement devices such that, when the sensor 1s

—
functioning pertectly, the value of the expression k, a ;+
— — —
k,a,+...+k a calculatesto O.

In an alternative micromechanical acceleration sensor

—
solution according to the invention, the accelerations a |,
— — . .

a,, ... a, given by the sensor measurement devices are

measured 1n the sensor measurement block 1 at given inter-

—
vals, after which the wvalue of the expression k, a +
— —
k, a,+...+k a  1scalculatedinthe sensor seli-testing block

2. Further, 1n the sensor comparison block 3, the value of the
expression 15 compared to said given pre-defined threshold

value, and 11 the value of said expression deviates from the

value F more than said pre-defined threshold value, an error

message 1s given to the alarm block 4.

Also 1n an alternative solution according to the imvention,
the sensor comparison block 3 can be connected to the sensor
seli-testing block 2. Further, the sensor measurement block 1
can be connected to the sensor seli-testing block 2. Further,
the sensor alarm block 4 can be connected to the sensor
comparison block 3.

In the method according to the mvention for the measure-
ment of acceleration directed to three dimensions using a
micromechanical acceleration sensor, the measurement
directions of the sensor measurement devices measuring 1n
different measurement directions can, for example, be
selected symmetrically such that the accelerations obtained
as measurement results of sensor measurement devices mea-
suring 1n four different directions can be presented as equa-
tions:
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— —>
a (=ca +ca.,

a ,==c a +c a .

In this case, the continuous self-testing of the acceleration

sensor during start-up and/or operation can be implemented

. — — — —— .
such that to the accelerations a ,, a ,, a yand a ,obtained as

measurement results of the sensor measurement devices are
given the multipliers k,, k., k; and k, such that k,=-k =k ,=-
k.. According to the fundamental idea of the invention, 1n this
way, when the sensor 1s functioning pertectly, the equation k,

— — — —_—  —

a +k, a ,+k; a ;+k, a ,=0 1s implemented. The equation
. . — — —

can also be written 1n a more clear form k,( a ;+ a ;—(a .+

— —

a,4)=0.

Further, the continuous seli-testing of the acceleration sen-

sor during start-up and/or operation can be implemented such
. — — — — .
that to the accelerations a,, a,, a; and a_, obtained as

measurement results of the sensor measurement devices are
given the multipliers k,, k., k; and k, such that k,=k,=1 and
k,=k,=-1. According to the tundamental idea of the 1nven-

tion, 1n this way, when the sensor 1s functioning perfectly, the

. — — — — — o
equationk; a ;+k, a ,+k; a ;+k, a ,= 0 1simplemented. The
* . . — —x
equation can also be written 1n a more clear form a |+ a ,—(

— — —
a,+a,=0.
In the method according to the invention, the calculation of
the vector equations and vector expressions of acceleration 1s

in practise often implemented using scalar values.

In an alternative method according to the mnvention for the
measurement of acceleration directed to two dimensions
using a micromechanical acceleration sensor, the measure-
ment directions of the sensor measurement devices measur-
ing 1n several different directions can, for example, be
selected symmetrically such that the accelerations obtained
as measurement results of sensor measurement devices mea-
suring in four different directions can be presented as equa-
tions:

—= —=

a =d-a .
— —
a->=d a,
— —
a;=—d a.
— —
a,=—d-a,.

In this case, the continuous self-testing of the acceleration

sensor during start-up and/or operation can be implemented
. — — — — .
such that to the accelerations a ,, a ,, a ;and a ,obtained as

measurement results of the sensor measurement devices are
given the multipliers k,, k,, k; and k, such that k,=k, and
k,=k,. According to the fundamental 1dea of the invention, in

this way, when the sensor 1s functioning periectly, the equa-

. — — — — — . .

tion k, a +k, a ,+k; as+k, a =0 1s implemented. The
—

equation can also be written in a more clear form k,(a ,+

2 )+ko(a+a,)-0.
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Further, the continuous self-testing of the acceleration sen-
sor during start-up and/or operation can be implemented such
that to the accelerations a,, a,, a; and a, obtained as measure-
ment results of the sensor measurement devices are given the
multipliers k,, k,, k; and k, such that k,=k,.=k,=k,. Accord-

ing to the fundamental 1dea of the invention, 1n this way, when
—
the sensor 1s functioning perfectly, the equation k, a ,+k,

— — — — o .
a ,+k, a ;+k, a ,= 0 1s implemented. The equation can also

. . — — — — —
be written 1n a more clear formk,(a ,+a.+a+a,)=0.

Still further, continuous self-testing of the acceleration

sensor during start-up and/or operation can be implemented

. — — — — .
such that to the accelerations a ,, a ,, a 5, and a , obtained

as measurement results of the sensor measurement devices
are given the multiphers k,, k,, k; and k, such that
k, =k.=k,=k,=1. According to the fundamental 1dea of the

invention, in this way, when the sensor 1s functioning per-
. — — — — — L
tectly, the equation k, a ;+k, a ,+k; a ;+k, a ;=0 15 1mple-

mented. The equation can also be written 1n a more clear form

— — — — —
a,+a,+as+a,=0.

Using this invention, an improved method 1s provided for
the measurement of acceleration directed to three or two
dimensions using a micromechanical acceleration sensor as
well as an 1improved micromechanical acceleration sensor.
Using this invention, the functional reliability of a sensor can
be monitored 1n constant use, and 1t 1s suitable for use par-
ticularly 1n small-sized micromechanical acceleration sensor
solutions measuring 1n relation to several axes.

The mvention claimed 1s:

1. A method for the measurement of acceleration, the val-
ues of acceleration applied to the sensor being within the
sensor measurement range, i the direction of three dimen-
sions using a micromechanical acceleration sensor, which
acceleration sensor comprises at least four units of sensor
measurement devices measuring in different measurement
directions, of which four vectors describing the measurement
directions of the sensor measurement devices no three vectors
belong to the same plane, wherein 1n the method, the continu-
ous seli-testing of the acceleration sensor during start-up

and/or operation 1s implemented such that

. —_— —3 —3 — .
to the accelerations a ;, a ,, a ; and a , obtained as mea-

surement results of the sensor measurement devices are
given the multipliers k., k,, k; and k, such that, when the

sensor 1s functioning pertectly, the value of the expres-
) — — — — —
sionk, a ,+k, a ,+k, a ;+...+k a calculatesto O,

. —_— —= —> — .
the accelerations a ,,a ., a,,... a_  given by the sensor

measurement devices are measured at given intervals,

. — — —
the value of the expression k; a ;+k, a ,+k; a .+ ... +k_
—
a , 1s calculated,
the value of said expression 1s compared to a pre-defined

threshold value, and

—
if the value of said expression deviates from the value O

more than said pre-efined threshold value, an error mes-
sage 1S given.

2. A method according to claim 1, wherein the measure-
ment directions of the sensor measurement devices measur-
ing 1n different directions are selected symmetrically such
that the accelerations obtained as measurement results of the
sensor measurement devices measuring in four different
directions can be presented as equations:
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a (=ca +ca.,

a 4=—C"a  +c a,,
—_— —= —> —

and that to the accelerations a ,,a ,, a ; and a , obtained as
measurement results of the sensor measurement devices are
given the multipliers k,, k,, k; and k, such that k,=k,=1 and
k,=k,=-1.

3. A method according to claim 1, wherein the calculation
of said vector expressions 1s implemented using scalar values.

4. A method according to claim 1, wherein an error mes-

sage 1s given when m number of deviations of the value of said

—
expression from the value O more than said pre-defined

threshold value have occurred.

5. A method according to claim 1, characterized 1n that said
four measurement directions of the sensor measurement
device described by said four vectors are selected so that the
carth gravitational force has an essential component atfecting
in each of the said four measurement directions.

6. A micromechanical acceleration sensor for the measure-
ment of acceleration, the values of acceleration applied to the
sensor being within the sensor measurement range, in the
direction of three dimensions, which acceleration sensor
comprises at least four units of sensor measurement devices
measuring 1n different measurement directions, of which four
vectors describing the measurement directions of the sensor
measurement devices no three vectors belong to the same
plane, wherein the acceleration sensor comprises means for
implementing continuous seli-testing during start-up and/or
operation, these means comprising a sensor measurement
block, a sensor seli-testing block, a sensor comparison block
and an alarm block such that

the sensor measurement block comprises means for mea-
suring accelerations directed to several different direc-
tions at given intervals using the sensor measurement

devices, and for giving the values of the accelerations
— — — — .
a, a,, a,,...a obtainedas measurement results to

the sensor self-testing block,

the sensor self-testing block comprises means for giving
—
the multipliers k, k,, k5, . . . k to the accelerations a |,

— — — .
a, a, ... a,obtained as measurement results of the

sensor measurement devices such that, when the sensor

1s Tunctioning perfectly, the value of the expression k,

— — — — —
a +k,a,+k;a.+...+k a_  calculatesto O,

sensor seli-testing block further comprises means for cal-
— —
culating the value of the expression k, a ,+k, a ,+k,

— — . — — — —
a.+...+k_a  totheaccelerations a,, a,, a5,... a,

obtained as measurement results of the sensor measure-
ment devices and measured at given intervals, and
means for giving the value of said expression to the
sensor comparison block,

the sensor comparison block comprises means for compar-
L) L) - ﬁ ﬁ
ing the wvalue of said expression k; a  +k,a .+

K, a At +kH?H to a given pre-detined threshold value,

and

the sensor comparison block further comprises means for
giving an error message to the alarm block, if the value
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of said expression deviates from the value 0 more than
said pre-defined threshold value.

7. A micromechanical acceleration sensor according to
claim 6, wherein the measurement directions of the sensor
measurement devices measuring 1n different directions are
selected symmetrically such that the accelerations obtained
as measurement results of sensor measuring devices measur-
ing 1n four different directions can be presented as equations:

— —n —
a =c a. +ca,
— — —

— —
a3=—c a. +ca,

— — —
a, =—Ca tca,

— — — —
and that to the accelerations a |, a,, a ;and a ,obtained as
measurement results of the sensor measurement devices are
given the multipliers k,, k,, k, and k, such that k,=k,=1 and
k=k,=-1.

8. A micromechanical acceleration sensor according to
claim 6, wherein the calculation of said vector expressions 1s
implemented using scalar values.

9. A micromechanical acceleration sensor according to
claim 6, wherein an error message 1s given when m number of
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deviations of the value of said expression from the value 0
more than said pre-defined threshold value have occurred.

10. A micromechanical acceleration sensor according to
claim 6, wherein the sensor comparison block 1s connected to
the sensor seli-testing block.

11. A micromechanical acceleration sensor according to
claim 6, wherein the sensor measurement block 1s connected
to the sensor self-testing block.

12. A micromechanical acceleration sensor according to
claim 6, wherein the sensor alarm block 1s connected to the
sensor comparison block.

13. A micromechanical acceleration sensor according to
claim 6, wherein the sensor measurement block 1s connected
to the sensor self-testing block.

14. A micromechanical acceleration sensor according to
claim 6, wherein the sensor alarm block 1s connected to the
sensor comparison block.

15. A micromechanical acceleration sensor according to
claim 6, characterized 1n that said four measurement direc-
tions of the sensor measurement devices described by said
four vectors are selected so that the earth gravitational force
has an essential component affecting in each of the said four
measurement directions.
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